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t n  discussing  the  history  of  a  mechanical  or 
electrical  appliance  our  subject  is  naturally  di- 
vided into  three  nain  parts,  namely,  its  discovery 

or  invention,  its  devel<  pement ,  and  its  modern  a:  - 
plications.   Although  the  transforms  r  as  it  is  to- 
dfiy  cornes  under  the  general  head  of  electrical  a;  - 
pliynces,  the  division  of  its  history  into  three 
main  parts  is  not  so  narked,  owing  to  the  fact 
like  many  othe>*  electrical  inventions,  no  sharp 
line  of  demarkation  can  he  drawn  between  its  dis- 
covery and  developevient. 

As  a  starting  point  in  the  history  or  the 
transformer  we  may  take  the  discovery  of  the  prin- 
ciples of  magnetic  induction  "by  Faraday.   While 
experimenting  in  his  laboratory  he  accidentally 
slipped  one  coil  of  wire  over  another  and  discov- 
ered that  each  time  the  circuit  was  closed  th 
one  of  the  coil*  a  current  of  short  duration  f  owed 
in  the  other.   Investigating  still  further,  he 
constructed  an  iron  core  in  the  shape  of  a  ring 
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on  which  was  wound  +."  o  separate  coils  of  >»ire.   U 
closing  the  circuit  of  one  of  the  coils  through  a 
"battery  he  found  that  an  electro-motive  force  was 
produced  in  the  other  of  sufficient  magnitude  to  pro- 
duce sparks  from  its  terminals.   The  results  of  his 
investigation  were  presented  to  the  philosophical 
vorld  in  a  paper  read  before  the  Philosophical  Soc- 
iety of  T.ondon  on  'Tove^ber  24th,  1831,  and  we>-e  pub- 
lished in  the  Transactions  of  the  "ociety  in  Novem- 
ber of  the  following  year. 

The  next  step  in  the  develoyjement  occurred  in 
the  United  states  and  was  a  crude  form  of  our  modern 
induction  coil.   This  apparatus  was  an  invention  of 
Professor  Henry's,  and  was  first  described  in  an 
article  entitled  """ethods  and  trials  of  obtaining 
physiological  phenomena  and  sparks  from  a  he-it  eng- 
ine by  mean'  of  Professor  Henry's  apparatus? 

So  remarkable  »/as  the  invention  of  Professor 
Henry  and  a  similar  one  in  Europe  by  Ruhmkorf f , 
that  up  to  the  year  1830  all  efforts  in  the  devel- 
opement  of  the  transformer  were  made  with  a  view 


of  finding  some  practical  ap] lication  of  the  induc- 
tion coil.   Various  arrrncements  were  patenter  for 
employing  the  secondaries  of  several  coils  in  series 
for  lighting  arc  lamps,  but  all  were  without  success. 

fty  to  this  point  in  our  history  one  may  say  that 
the  principles  of  the  transformer  aa  it  is  today  were 
wholly  unVnown  to  the  scientific  world.   The  chief 
use  of  the  modern  transformer  is  for  the  distribution 
of   power  while  the  main  idea  in  the  u<-ie  of  the  trans- 
former of  the  period  previous  to  1A80  whs  the  divi- 
sion of  power.   By  division  of  rower  we  mean  that  a 
fixed  amount  of  produced  energy  is  divided  into  pre- 
determined parts  of  certain  number  and  size,  while 
it  remains  indifferent,  as  far  as  the  total  energy 
is  concerned,  in  what  manner  and  hr,w  many  of  these 
parts  are  usefully  employed. 

Tr,  contrast  with  division  of    powe^  we  may  de- 
fine distribution  as  meaning  that  the  energy  produc ,d 
is  variable  according  to  the  variable  requirements 
of  consumption,  the  maximum  requirement  being  pre- 
determined fro"i  the  number  and  size  of  the  local 


requirements,  which  also  v^-.ry   relatively  to  one  an- 
other.  Prom  the  above  definition  it  is  self  evident 
that  division  of  power  implies  the  series  method, 
while  distribution  of  power  implies  the  parallel. 

With  the  invention  of  the  incandescent  lamp  we 
see  the  first  step  in  the  developement  of  the  trans- 
former 0*"  the  present  day.   In  employing  this  system 
of  lighting  Edison  demonstrated  that  the  series  meth- 
od of  connection  w-is  not  suitable  for  any  form  of 
the  glow  lamp.   He  also  showed  by  means  of  a  system 
wvich  he  devised  himself ,  that  the  parallel  connec- 
tion had  several  advantages  in  its  favor.   These  facts. 
coupled  with  another  and  more  important  one,  namely, 
the  growing  commercial  use  of  electricity,  thereby 
making  it  obligatory,  in  order  to  carry  current  econ- 
omically to  greater  distances,  to  seek  a  ne  v  method 
of  distribution,  brought  about  the  discovery  of  the 
principles  of  the  transformer  as  we  know  them  today. 

The  fire  years  from  1880  to  1885  are  filled 
with  unsuccessful  attempts  to  solve  the  problem  of 
finding  a  self  regulating  and  economical  system  of 


current   distribution      H      transformers  w  t id 

f  j 11    the  f f llowing  cond i t i one: 

1.    The    generator  ■  Ire   a  great   difference 

of  potential    as  constant   hs  possib   e    at    the   termin 
-alr!     f   the    transformers   of   t   e   transformers!    and 
also   independent   of    V 

.    "he   tran         ■  conv  r      t        c  rrent 

of  high   electn  -  i      ive   force    Intc 

elec i  ro-i  10  rce  desired.  -  ins 

-f< — sr  "  •'     hav     a   c   osed  magnetic   circuit, 

all  prj  nd   secondary    turns         ill 

sess,    relatively    tc    !  ;n      ic    f  ■•    .d,    a  like 

position,    al^o   in   order  that    the   resistances   of 
primary  an>i    Becondar,     coils    shall    -•  at 

V  ey  caua  s   practically  no   lo 
force. 

f   c  irrent   d  i  strib  ich 

s  iccessfully  met   the    above  conditions  * 

Zipernowsky,    Deri,   and  .  for 

•  '•  >   taken  oui       n  February    loth,  , 

entitled   "Im]  .'    in    the   mean  L      lor 


of    alternating  electric    currents?      In   the   Inventions 

it  ion  of     udapest,    Antwe**]  ,   and  London    their 
system  '•  jtr,   installed   and   received   universal   recog- 
nition,   especially  at   the  >st     Ixhibition. 
!;<ve    the   se^-ral    exhibits   within   a   radi  is     f   1>00 
ra        re    lit   fro--'  a  common   central  .    r ' 
vas    the  first    K  Ime   that   seven  I             brie  ci    c 
•  i  re   ao   entirely   independent   cf   one   another   that 
]     a   '■   coi  Id   be    turned    on    and    off  wii    out  pri  ducing 
a  change   in   t1  e  voltage   of    th      t      :er  lamps. 

A*!    soon   as  this   system  had  been   succespf'  lly 
demonstrated   in   Europe   it  w«  adiately    adopted 

in    +'y<=!   United    states,   *here   as   yet    little    interast 
had  been   shown    in    thi     branch   of   t]  in 

-dustry.  t    is   time   vn,   however,    this   cc   ntr> 

has    '.aken   the   lead   in   develo]  ing   our   modern   trans- 
f    rmer.      Of    late  years    great   s+rides   have  been  made 
in  the  production   of    the  high  voltage    transformer^ 
Up    to   1        yea  ,  tl  ousand   ^clts   was   ci 

-sidered   ab<   it    1  ,  ;  al ,    while 


tfclrt, 

•■.. ,,-i  r.;-   i.  ■...-..    i-  5sr   j  n    thi  b  di- 

*    • 
'intpl   .in   the  present  .  ear,       '10,    comi    jrcia.1    tr  i     - 
formers  of      i      hundred 
>jeen    success  ;"  til  ■•    .In a ••. •  I1 


Three  Phase 
to 
Two  Phase 
Transf  ormaticm. 
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Tn  the  distribution  -!'  electric 
central  station  th'tra   are  two  i  portant  factors  which 

be  considered,  namely  ,  the  power  \ur.t  be  trans- 
mitted as  econ       y     c   ible       Livereri    the 
c  nsumer  in  such  *  for '.  as  *.o  adapt  Itself  t<  the  type 
of  i  Lch  is  the  'nost  efficient  from  his   oint 

of  -lew. 

ower  1*  transmitted  over  ling    '  nces  --i 
h  \  :'Y.   vclt  -.^e  is  necessary  in  order  that  t)       of 
conduction  shall  not  be  excessively  high  for       ow- 
able  line  loss.   Although  hi,7h  to  It  age  direct  current 
ayst  ms  hay  been  employed  successfully  in  some  locali- 
ties, it  *as  not  as  yet  been  adopted  in  this  country, 
the  alternating  current  system  being  used  wherever 
voltages  of  any  magnitude  are  required. 

In  alternating  current  transi  i  -  Lon   tveral  sys- 
y  be  employed       r*  classified  according 
to  the  number  of  wlrei  u?':d  uid  the  number  of  |.h  b«b, 
fia  single  ph-.ise,  two  phase,  thre   hase,  etc-    r. 

.  'teinmetx  has  deduced  the  theoretical  results 
shown  in  the  table  below,  which  gives  the  relatii 
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:nts,    and    theref ore   tho   ^oats,    of  line  wire, 
nt  of   i  ower  transmitted,    the   Jinn  loss,    t 
distances  transmitted  an  ixiranro  voltage  be* 

.  i  r  <e  being  constant. 

Single  phase i    two  wire,  lOi  . 

Quarter  phase,    three      .ire,  .7 

Quarter  ]>h;.ise,   f    \r     ire,  100. 

Three   phase,    three  wire, 
iron    the    above    table   it   will   be   seen    that   fr 
the  point  of  view  of  economy  the  three   phase  syst 
of   distribution   is   the   ons   to  be   chosen. 

-   point   of  view  of    '    a   c<  nsvuner   three 
se   distribution  may  not  he   as  convenient,     ind   in 
c    see     Hy   even  he   less   efficient    than    twi 
distribution.     The  matter  of  efficiency  a  |  lies 

irst   cost   of  uHiaratua    than    to   actual 
running  efficiency.      Also  wii 

ints    and    stritc]     b  sign,    two   phase    dis- 

trlbution   is   sc  etimes  f<    <nd  to   he      or-    convenient 
tfh^re   skilled    labor  is   diffioult   to   obtain   and 
where  first  cost    is  an   important   consideration. 
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i. «   ftvid>)nt,   fr  a 

•  '  ■•        ;  ;.OW(;r    tO     tWO 

1  b  req    I  rod   in  order    ;. 

of  -■•-  '•     .     v         •  od   of  connection 

In   on     of    t  f>r   trannfoming  thr 
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Tn  fi  paper  read  by  'rr.  Charles  >'.  r'oott,  In  3 
before  the  National  Klectric  3  1       ooiation, 

described  a  nethod  of  transforming  currents  of  one 
c  Into  currents  of  different  phase  as  f ollowsi "  If 
two  J?.*'.?'s  differing  in  phase  by  VK)  degrees  be  connocted 
In  suri^s,  the  resultant  R.V.T,  is  represented  in  direct- 
ion and  Magnitude  by  the  hypothenuse  of  a  right-angled 
triangle,  of  ^hich  two  of  the  r  ide,*;  compon- 

ent l.V.P's.  "   i        .  1,  if  0/  and  OB  are  tw<   .  ,P»s 
right-angles,  and  these  •'.  .  '   be  connected  in  series 
the  reoulaant  .if  the  lino  AB,  of  a  different  phase  fr 
either  of  the  components.  It  Is  a  simple  matter  to  po  ;  ro- 
portion  the  components  so  that  OB  i  f  equal  to  on*;  half 
cfAB,  as  shown  in  the  diagram.  In  a  similar  manner  it 
readily  soon  that  the  same  7>.'r.?.  OA  may  be  oombined  with 
OC,  which  differs  from  i t  by  90  degroes(  but  is  equal  and 
opposite  to  OB)   in  such  a  way  as  to  giYe  AC  equal  to  AB, 
but  differing  in  direction:  BO  and  OC  added  together  ;-ive 
BC.  The  X. V.v.  BC  nay  therefore  be  combined  with  the  K. 
.  '.  AO,  at  right  angles  to  it,  in  fjuch  a  way  as  to  -iv 
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additional  l.MJ's,  which  in  connection  with  BC  give  three 
equal  B.H.V'a  120  degrees  apart.  This  is  the  relation  of 
K.W.F's  in  the  three  phase  system. 

The  application  of  this  arrangement  to  transform- 
ers is  illustrated  in  the  accompanying  Figures  -  and  3« 
The  primaries  of  two  transf ormers  are  connected  to  a  gen- 
erator giving  two  phase  current.  The  secondary  E.M.F's 
therefore  differ  "by  90  degrees.  One  secondary  is  made  eq- 
ual tolOO  turns  and  a  loop  is  b-ought  out  giving  ^0  turns 
at  each  side.  The  second  secondary  has  87  turns,  which 
is  approximately  equal  to  50  mul  tiplied  by  the  square 
root  of  three.  One  end  of  this  secondary  is  connected  to 
the  middle  point  of  the  secondary  of  the  first  transfor- 
mer as  shown,  and  these  three  free  terminals  will  then 
deliver  E.M.F's  differing  in  phase  "by  120  degrees.  Jf  the 
.  .~: .    in  each  primary  be  1000  volts  and  on  one  secondary 
100  volts,  and  on  the  other  secondary  87  volts,  then  the 
E.MC7.  measured  between  any  two  secondary  terminals  will 
be  100  volts  as  shown. 
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The   voltage   relation*   ir    t)  :. 

.     aslng   transfor     r  ma  ■•*  ■•  le 

v   o  *  .  j-  .     l 
Jn   figure  4   let    a,    ><,    and   c  vector* 

...  ■-■■<-■  .  f . 

obtain    •  .    .f.    relation   a,    V,    c  eon    in   fig- 

non  we    inere  the   voltage   a,    by  v   r 

of   turns  on   the  primary)    until   it  equals 
the  voltage   a,      »).ich   is   obtained  by  combining   the 
.    .^.'s  b*    an      o    in    serins,    it    in  evident    t 
ee  voltage   relation!  ; 

•     -   Ivin;-   the   vectors  a,    b,    anH   c    about   o 
»«  may   obti  nine  wave  voltage  relations  shown 

in  figures  ",      ,  T      '     -'irft  7   the   curves 

a,   >),     ■  d  c    .'•«  plotted  between   the   three  phase   volt- 
age vaJues   *-ovl  electrisal    degrees  r  v<  rsi 
voltage   c  we   ol  '                         I             relation    nhown    in 
:        ere   c'    is               versed  voltage.      /r   in 
the   vectorial   repres  ntation    the   a  plltu  Li     1b    in- 
sert to   a'    by  varying  the  n  i   b  »r  i  '   turns  on   th^. 
8ec«  nrtary . 
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Voltages  b   and   c'    are   then    ]  laced   in   series   and  the 
two   phase  -voltage   relations    are   obtained   as  previously 
shown. 
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Design, 
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The  object   of   V  ie  the  Bin   is   the  design   and   c 
Btruotion  of    ■  phasing   tr  tha     cott   tj 

.   •  •        v«n   ii    the   ;  np; 

"o    Bet     methods    Of    ; i f} tf  1  pr>    will     hfl    USSd, 

method  -■'•   ich  t  <;ach  part      onse  b< 

hi  I  Jed  I"  '"Cft. 

The  following  r         tents  which  have  h     n 
f\p«  'rood:  - 

X.  Output  in  K.w 

.  Cycles  per  second ,  .  . 

voltage r    .    .    .    .    .    no 

4.  Ratio  of  transformation 

'  .   Flux  density   in  sq.    in 30000 

6.  'r:j)e shell 

7.  Current   density   in  o.lrc.   mills  per 

steinmsts'   Coefficient   21 

icVnees  of  core    Laminations   in   inches    .    .        -012 

10,  ;?ddy  Ourrwnt  lose  constant,      ,....-    1.6  x  1 

11,  PermeaMlltv   of   the   iron .. 
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The   transfon  '    ?  bly  of 

r.    in    fi  air-ifi//   ■        /2  /0 

,    1b    to   he   constructed  wit)       t      rings 
iron  and  *jll  be   obtained    >>y   diamanl 
former  of   t,  .   output    »r,    the    j>r<  [ oaed, 

A  j.huB.tn^  ;  .  s  vir- 

tually   two    Ir-.r.rforr.'-rr1      ''  1  r   secondaries    ir:' 

c^(  nnected*     Howev'  r,    since   th  ire  is  a  i.hai  ce 

of  90   degrees    in    the   fluxee  of  theee    transformera   a 

Ing  of  .Iron  is   secured  by   sonstructing  t]       two  cores 
.   r ,    t>  e  on  ,    >■    i  c)    wi   *  ;  d  ha*  sa- 

ted  widt      of   three    inches   if   <•■  i  itruot< 

''_•.)  Loches   or    ;  o    ind 

•    rt   r   inc] 

This  method  of  core    ■  •■  nstruction   does  not    intro- 
duce any   co   plications    i      th  ;  jn   of  the  remaii 
of   '          r  nsf<  r     r  tin     ther  fore 

half  of   the   transf   ru    r    In   our  ci  nput    ticns. 
The  general    equation  !."•?,    of        trai 

is 


}(>re    ■•:   l»   -he   lnduoed  voltage   (effeoti 
f=.  frequency   in  cycles  ]»«r     econd 
H  s number  of   turns 

A  = cross  sectional   area  of  core   i     any   chosen  units. 
B  aa^aximvirn   instantaneous  value  of   the  flux  density 
In   lines   ]^r  unit    area. 

Iviru^   ths    abov  I  Ion  for  N   wo  obtain 

ie    e 

Prom   the  dimensions  of  the  core   in   figure   11 

we  find 

A     Is   7.f    ;:   3  *   :M.?>  square    Inches 

Substituting  this  value   and  the    assumed  ones  of 

and       in  equation   1    ■     have 
10*  x  110 

N  = 

iFlT.  PR  •  x  60  x     2.8  x  -0000 

^   a  A  turns. 

The  three   ;  hase   Aide   of   the   transformer  1r  consider 

edto   "r,e    the  j»iri»iary   -^nd   the   two   phase   .side    ths   second 

inasmuch   afl   these  are   the   conditions   usu  with 

Jn   i.ractice.    Hince   the   ratio   of    Ir^sf  s  been 
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he  one,    1  v  ■  rns 

or.    each  secondary    inci   bet   een  one  phase   of   the   primary. 

'he   number  of   turns  ie    "T"    <■    nnectl< 

.-.   turns 

volume  of  the    iron  1         •     •    ,    calculated   f 

the   constants   o ''   the   stami  ings ,    is  •>'       c  iblc   incl     •  - 

Thn    weight    co»-reBi/Onding   to    U1r   volume   is    248    lbs. 
The   weight   of    iron    per  '  .v;.    i  p,      4.8    Lb    . 
Dr.    f.    .      t<  inraetz  h       deduced  a  for  the 

watti  lost  clue   to  hysterypis   effects   in   the   iron 

1  S  Lit        -7 

P*  Vfn  -a  jo  (3) 

re  V  i.c  the  volume  of  the  iron  in  the  core  in  cubic 

cent  imeters. 

f  1b  the  frequency  in  cycles  per  second. 

.  coefficient     r   ng  on  t!  of  the 

sd. 

K    i«   the   flux       nsity  i      '      ises   f  Instantaneous) 

Hubs*  ltuting  the  c-  lc  il  ited  v  ilues    . 

ones   of  ,    '  ,    and  8   in  for  ula  (3)  tin 

-p  s    '-'   x    ,>(>  x   4650   x   1.6   x    .0021 

•061    x   10  ' 
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An   ^nj>iricj'.l   for^nlK  -iped   In    -.r-inflformer    iesij-n 
for  dilation  of   tha  wi  in   the  tranafor 

cere      due   to  eddy   ourrent8f   based  upon   the   as  sumption    t 

tha   In-  in^tions   are  perfectly   insulated  from  one 
another    I 

Pe=  KuflB^  *  '°  U) 

inhere 

constant     depending  upon   the   resistivity 

of  the  eron   . 

v  in  th*  volume  of  tha  Iron  in  cubic  centimeters. 

1  is  tha  thickness  of  one  lamina  in  centimeters. 

f   La  V.:  frequency  in  cycles  par  second 

B  is  the  maximum  flux  density  in  gauses. 

Substituting  tha  calculated  values  and  the      fed  nes 

of  2 ,  B,  9,  and  '■('•   in  equation  (4)  we  have 

l.*x  1Q'">   "X  >OQ  j .000144  *   .      10 

P  -  .Ofil 

=    .  .  wat  t a 
Th*  total  iron  lore;  will  •         },t) 

.      *  =    .   ratte 

ron        •  ■ 

ride  of  tha  transformer  is 
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•*'  = 

/J  x   110 

Representing  the  reluctance  of   the   cc-  and 

the  magneto -mot  Ire  force  nec^seary   tc  produce    *  .     f  .lux 
^L  by  -vf  we  h=xve 

10  _ 

-R-    "    "T  <»> 

10    R    p  10     . 


nee 


where 


we  hnve 


R  =    -1—  (7) 


T  10     1 

T  =     .'J*, .■      «     -^rr-rr-v,-.. 


7§  n  ryiiA 

*<here   1   In  tha   length  or  the  magnetic  circuit  in 
centimeters. 

.  i  rc   the  maximum  of   the  flux  in  cuiBes. 

jtf    In  the   permeability   of   the   iron. 

I  he  number  of   turns. 
T   in  the  magnet Is inp;  current  in  es. 

i   length  ef  netio        th  oaloul    ted 

the   dimensions  of   the   core   in  21. 5   inches. 

Substituting  the  calcul  ited  -  lues   and  the  observed 


.    . 


4    X    |f2  X    3.1416   x    44    X  2600 

a 

three  phase   side  is 

1.25, 

'866   ~     1»*43  &  i]  area 

The  n<    lowi  current  per  tfire   is 

T 


8x0=r   \  2.96*"    ■+■        L.443*      ~        3.295 
The   no   Lead  power  factor  is 


r(      —  165. 

f7  x    110  x   o. 
r!   •   tote]    length   of  1  rig  of  one  primary 

the  mei\x\   length  of  ;.  n      turn 

numher  of    *yirn'S}    <\t\  fo]  : 

Tot         i     "  :  -i'mh  on  one                of   the 

•'.fiarv    1m  44.  ]  in  numhrtr  of  turns   *o  be 

trlhuted  equally     i  our  cnlio  of  <;leven  turns 

The  mean   length  of      n^    turn   of    one   of   fcheee   coili 

ai Towing  two   in  aeh  corner,   in   two   -uri  one-hftlf 


3  0. 


feet   and   the   total   length  of  one   seoondt    ;    is 

x     11     x     4  ss  l;o  f< 
The  -'it   ;<er   ;  huse   on   the    :    0       i    se      Jde    at 

full   load  .is 

r  ^    soo° —   ».        45.  res. 

no 

qnd  the   current  on   the    three   phase   aide   is 

10000 
T  =.  "7= -        .  ree. 

yj  x  no 

a  current  denelty  of  1200  circular  mile 
assumed.   This  r&lue  ;d  circ         rea 

on  the  three  phase  side  of 

Bide      •  b,  B.  and  ~.         ,    . 

giyea  a  oonbined  circular  mil  area 
a  sufficiently       'rent  density. 

r<  ties  thii     •-  J  t     '•       -  •"■« 

a  resistance  |  folic ^xi 

20°  0.  1   0°  C  °  o 

.   06271  .0007007 

TV.       tance  )-r--    foot  when  -"our  ar*s  ir      lei 
is: 

At  21°  ^  ix        °  At  80   C 

752 
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and  the  r on i stance  for  each  secondary  an  I  one  of  the 
primary  windings  is- 

At  20°  •"  At  50°  C  t  80*  C 

.017^48  .019272  .021351 

The  resistance  of  the  primary  which  has  thirty- 
eight  turns  is. 

At  20°  C  At  60°  C  At  80°  C 

.01488  .01663  .01841 

The  resistance  measured  between  the  other  two  wires 
of  the  primary  will  he 

At  20°  C  At  50°  C  At  80°  C 

.02.'<>504  .026266  .0290<i  5 

Also  from  the  wire  tables  we  find  that  the  number 
of  pounds  per  foot  for  -8  wire  is  . 04G98  and  hence  the 
total  weight  of  one  secondary  is 

4  x  110   . 04-98  =  22  poundo 

The  weight  of  the  three  sets  of  coils  containing 
44  turns  each  is  66  poinds.   "ince  *,he     connection 
of  the  primary  will  h-ive  only  .87  as  man;'-  turns  .<■:-    its 
secondary,  the  weight  of  this  set  of  colls  is 

.87  x  22  =  19.14  pounds 
and  the  total  weight  of  the  copper  used  is  85.14  pounds. 


t  of  ooj>i>«r  j  .    . 

•ii_   =  0.5 


RJ    iro]    ;«+.   fnll    '  ■■• 

.0359   x   r--:.  r.     =       ]  , 

.01928  zz  .8P,8 

;:,7oa 

I 

.   18     =    99 
45.  J      •        .   ..■      =.,7.7x2 

1  loss 
LI  '  .2 

17;.... 

— r^7T" 


97  ,  5 
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Recapitulation. 

1,  Output  in  R,V 10. 

.  Cycles  per  second 60. 

3.  Primary  voltage  : 110 • 

4.  Secondary  voltage  110. 

5.  Primary  current  per  wire  In  amperes..  52.5 

6.  .Secondary  current  per  wire  in  amperes  ..  45.5 

7.  Flux  density  in  lines  per  square  inch.  30000. 
3.  Type  Shell 

9.  Number  of  primary  turns  per  phase  ....  14  and  .38 

10 .Number  of  secondary  turns  per  pnase 44. 

11.  Volume  of  iron  in  cubic  inches  355. 

12.  height  of  iron  in  lbs 2*8. 

13.  Weight  of  iron  per  K.l 24. a. 

14.  "Weight  of  copper  In  pounds 65. 

15.  Weight  of  copper  per  K.W.  in  lbs.  .. 

16.  height,  of  insulated  copper  in  lbs....  95. 

17.  Total  weight  in  lbs 343. 

18.  Pounds  per  K.W .3 


.,-,. 


19.  Kysterysis  Ion  i  watts  130. 

20.  Kddy  Current  loss  in  watta  

21.  Total  iron  loss  in  ftatts 

Jron  lo       curr-nt  in  amperea, 

three  phase   f-ide  per  wire 

2.S.     Kagnetlxlng  current,    three  phase 

side  per  '•ire    . . 

24  T*o  load  current  in  amperes, 

three  phase   side  per    -ire    ..        3.3C 

2r..   No   load  j. over  factor 

26.  tfean   lenght  of  one   turn,    in  feet   .'. 

::?,   RpirA stance   of   each   secondary   in  ohmr?..  .0193 

.   .   Resistanoe  of  primary (   equivalent  ...  .0.  '.:9 

.   RT   drop  i.fir  phase   at  full    load   in  volts  2.703 

30.  Total    T   R  lo*s   at   ful3    load  in        tta...  172,9 

31.  Total    Ions    'it   full   load  in  wa+ts    .....  32ft.  1 
32  flffioi   ency   at  full    loud  In  %     

33,  Efficiency   at  3/4      oad  in  % 96.2 

34.  Efficiency   at  1/2  load  in  ,     90.9 

.    Iff  1  c  i    ncy   at   1/4   lo  ad  in  ;,' .  . ..  ■ 
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In  hii'ding   a    transformer   the  principle   points 
to  be   consSder^d    are   the   construction   of   tl  >  c<  i    i 
the  assembling  of  +h«   cere ,    and      the     .rrangcment   of 
the    two    In  .-   compact  frame   +  o  provide  stability* 

The  colls     f   fchii     transformer     ere  made   *"rcm     o. 
ible   cotton  covered  >"<  p]  er     "r*;.-. 
Four  strands   of  thjla  s.lre  were  bo   • 
tape  lnt<    a  flat  ribbon    in   order  to  give   a  conduc- 
tor of   the   required  eircul^r  mil     r«    . 

vor  winding  the  ceils  ■  den  form  ploy*3 

haying    >.  core  l/fl  Inch**?,   th<    p    M  Lch 

exactly   gave   the  circumference  of  the   oore  of  the 
transformer.   Two  heavy  boards  of  1    3  /"  Inch   U.r<>v.*>r 
and  h  foot  and  r  long,   were  bolted  on    -;:      r   Ride 

of  the  '/•ooden  ere    s<  to  ho?  d   the  wire  compact 

during  construction   snd  prevent  spreading,  her 

f  turns  on  a  completed  coil   variedj    there   being  six  - 

leven  turne  c-.ch,   nirp  coile  of  nine    tun         ach, 
one  coil  of  7.   4    t,urne    ,    thue  making  16  coils   all    'c- 

'■r.      Tn  building  the   coils   one  ^ore   turn   tl  an 
quired  na<    wound    ,   t.h<    first    turn   being  after* 


0 


. 


removed  tc  allow  for  insulation  between  the  core  of  the 
transformer  and  the  coil.  Haying  completed  the  coils 
they  were  each  tested   separately  for  shorts  and  found  to 
"be  in  good  shape.  The  arrangement  of  the  coils  in  their 
proper  position  war-  next  ma'ie  ,  ct  secondary  being   inter- 
spersed betesen  each  primary  as  shown  in  figure  15. 
Jt  remained  now  to  connect  the  primaries  and  second- 
aries of  each  transformer  together.  To  accomplish  this 
the  insulation  was  scraped  from  each  wire  for  a  length 
of  three  inches  and  the  strands  twisted  tightly  toge- 
ther, after  which  the  joint  was  soldered  and  covered 
with  a  rubber  insulating  tape.  The  coils  being  comple- 
ted  the  core  7/as  next  built  about  them. 

The  frame, shown  in  figures  16   and  14, was  obtain  d 
from  the  dismanteled  transformer  and  the  coils  were 
placed  in  it.  Jn  figure  10  are  shown  the  stampings  for 
the  core.  They  are  cut  into  five  different  sizes,  there 
being  four  pieces  of  Ho.  1  \    two  of  No.  2».four  of  No.  S\ 
four  of  Bo.  4,  and  12  of  Ho.  5  in  each  layer  of  the  core 
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These   stampings  were   all  put   in  by  hand,    and   each   side 
of   the   core  built   up   simultaneously  layer  upon  layer. 
In   order   to  get   the   required  height   of   stampings 
the   core  had   to  be  frequently  c   ompressed,    and  clamped 
down  while   the   laminations  were    inserted.    In   this  manner 
7l/2  inches  of  the  core  was  completed. 

A  preliminary  test  was  next  made   and   it  was  found 
that  the   transformer  worked  as   designed  giving   three 
phase   roltage  when  two  phase  voltage  was   applied  and 
rice  versa.    There     remained  only   to   place   the  trans- 
former as  built   in  the  metal  oil   tank,    and  the    transfers' 
er  was   completed  and  ready  for      complete   tests. 


^7~^\r^f/=*/A/er^   *~os*     co/^i 


Mf.  -5*- 


A/o.  3 


//o.  / 


rfm 


/Vo.2 


//o.*r 


/i^/^r    o^     7fi?^\j^s^o^i/^f£r/ 


PR/MAffY 

//  Ti/t?HS 

S£CO/*PAJ*Y 

//      .      . 

/=*/?}/>* •*4**y 

//      -       - 

Seco/vaAttr^r 

//     *        . 

. 

^?//^^*?y 

//     ■■ 

S/rc-ofOA**  v 

//    »        * 

/z^/s+r^/vr 

//     „       . 

S*COfS£>Af*V 

//   ,. 

/^/fA/eY         //  7Z//»vj 

S£TCOSS£>,A/ey        <?       .         * 

/=V?//V>^/t,V         // 

^eco/voAfW      \ 

?  -■    , 

/^■*t/S~7A/=tY         //       « 

S£CO/V0A/*y      SO      m           » 

/^//^AIY         //        „        „ 

^^CO/V&A^Y       r        " 

/=~0/?f~f   /=»/?  W//V0//VG  CO/LS 
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1. 

2. 

Test 

Phnse 

1 

., 

ber 

Us 

. 

res 

Awporen 

1 

5800 

rn      r 

• 

KX 

57. 

5ft. 

51.3 

441 

50. 

.3 

•5 

4660 

4030 

46.  5 

43, 

4 

40  50 

39.8 

.34  50 

.2 

. ., 

3530 

50 

••'  • 

6 

3000 

29 

2520 

29.8 

' 

2400 

22. 

:0 

3.3 

2020 

19. 

IB  50 

1    . 

17. 

9 

14    0 

13. 4 

1080 

13. 

12. 

10 

. 

-35 

4.62 

.  78 

I    <  -;>JCY  TK3T.    (c<  •  tJ  nued) 


'>.                              6. 

7. 

. 

Av^  Pipe  Values  • 

Current 
p«r  wirft 

~  ino 
Voltage 

~<'rf<'tuency 
In   cycles 

Apparent 

56.  6  6 

110 

60 

10783 

50.-:"!' 

110 

60 

9579 

4*.  26 

110 

60 

8650 

38 .  66 

110 

60 

7360 

.96 

110 

60 

6470 

28.66 

110 

60 

5465 

22.6 

110 

60 

4310 

18.53 

110 

60 

16 

12.96 

110 

60 

4.08 

110 

60 

77  7.24 

( 


9, 

10. 

11. 

12. 

Two  Phase  ou 

tput . 

True 

Po 

Vhc  tor . 

Pha«c 
Wat to. 

Phase     2 
tts. 

10  BOO 

1 

4*60 

5000 

96bO 

1 

4420 

4*500 

3690 

1 

401 

3950 

7800 

1 

3440 

.5490 

6580 

1 

3040 

2970 

osao 

1 

861 

2470 

440C 

1 

1970 

1940 

?C 

1 

1950 

1580 

2960 

1 

1010 

1040 

340 

.438 

No  T.Oc.d. 

So    T> ad. 

RTTTCT-TrY  TKTT.    (Continued.) 


13. 

14  . 

1ft. 

16. 

Power 

Output 

Observed 
<  T«ff  loiency 

Calculated 
;'  Efficiency 

Per  Cent 
Load 

9960 

92.3 

93.2 

99.6 

9020 

93.1 

93. 

90.2 

797f, 

91.9 

93. 

V     .7!, 

6990 

92.5 

92.9 

69 . 3 

€010 

91.5 

92.8 

60.1 

5020 

91.1 

92.4 

50.2 

3910 

89. 

91.8 

39.1 

3130 

87.7 

89.5 

31 .  3 

2050 

80.2 

86. 

20.5 

NO    "OHd 
1 

0. 

0. 

0. 

IBBBjW 

inM 

']T*m4 
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Regulation  Test. 
Phase  41 


1  tl 

Amperes 

Volts 

T 

emulation. 

4  960 

47.5 

10':> 

5.2.. 

4420                                   41.fi 

106.8 

F..  ,r< 

40:  F 

38.2 

10*. 2 

.04 

;-440 

A2.2 

107. 

3.27 

10                                    28.* 

106.fi 

.66 

550 

23.7 

107.2 

3.0 

1970 

18.2 

TOft.p 

1  .86 

0 

14.3 

109. 

1.37.6 

1010 

9.7 

109.9 

.64* 

0 

0. 

110.5 

0.00 

--  - 

— 1 

- — -.-:-■-  


m — i 

; t 

:"     ^     "::         '• 

W 

-J- 

1      • 

1 

G 



i 

_ 

-    '~ 1 

— 

*>6>               Load    ond   %>  JL 

aad 

— 

.  j 

J^' 

__ 

- 

|-'     i 

7      'SCICI.^ 
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Regulation  Test. 
Ph;se 


V.KttC 

Ampere a 

VoltB 

— : — f 

Regulation 

one 

46.  B 

107.0 

...74 

4600 

42.2 

107.8 

2.97 

395© 

36.4 

107.8 

.97 

3490 

1.  • 

105 .  2 

1.648 

2970 

. 

108. 

2.02 

?.£ 

21.7 

109 . 2 

1.648 

1940 

17.0 

109.6 

1.39 

1  XO 

1...8 

no.; 

.6; 

1040 

B.O 

]  1C  . 

.430 

0 

0 

111.0 

.00 

Reparation  of  Tron  bosses. 


Voltage 

Frequency 

1 1  s 

Tot.;  a 

Phuflo  #1  PhKBe  #2 

Power. 

110 

60 

37  r, 

-,s< 

1 

40 

2?0 

-so 

220 

;'y«t^.reRJs  loa   I    itts 
^ddy  current  lose  in  watte 


■ilO 
•7> 


efficiency,    19  hours  ful]    load,     92,8% 
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CALCULATED   TRANSFORMER  LOSSES. 


. 


Secondary 
Copper  Lobp 

Primary 
Copper  Lobs 

Total 
Copper  Lobb 

Total  Loss 

112. 

296.9 

408.9 

74fi.9 

87. 

233.8 

320.8 

660.8 

69.2 

189.3 

258.5 

598.5 

50.5 

138.3 

188.8 

528.8 

38. 

106.4 

144.4 

484.4 

25.75 

76.1 

101.85 

441.85 

15.41 

48.1 

63.51 

403.51 

9.81 

31.6 

41.41 

381.41 

4.24 

15.53 

19.77 

359.77 

0. 

1.53 

1.53 

340. 
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Number  of  Instruments  Used. 
Alternating  Current  Instruments. 

Wattmeters. 

Weston  Electric  Company 

Weston  Electric  Company 

Weston  Electric  Company 

I  ctric  Company 

Ammeters. 
General  Electric  Com]  any 
General  Electric  Company 
General  Electric  Company 
General  Electric  Com:  any 

Voltmeters. 
Weston  Electric  Company 
Weston  Electric  Company 
Weston  Electric  Company 

Direct  Current  Instruments. 

Voltmeters. 
Weston  Electric  Company         0  to  15 
Weston  Electric  Company        0  to  IS 

Ammeters. 
Weston  Electric  Company        0  to  50 


0  to 

15 

#1791 

0  to 

15 

#  467 

0  to 

7.5 

^1778 

0  to 

750 

$6162 

0  to 

.'-0 

#24081 

0  to 

50 

#705x1 

0  to 

100 

#48835 

0  to 

5 

#144085 

0  to 

120 

#5091 

0  to 

150 

#2674 

0  to 

150 

#  753 

#14830 

#  4403 

#  2098 
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Comparison   between  "Design   and    Actual   Values. 

Calculated        Actual 

1.  Output  in  K.  . 

2.  frequency 

3.  Primary  voltage 

4.  Secondary  voltage 

5.  Primary   current   p<;r  wire 
fi .    "ficondnry   current   per  wire 

7.  flux   density,    lines   per  so.    in. 

8.  Tyj  e 

9.  Number  of   pri   ary   t-.rns 

per  pi     se 

10.  Number  cf   secondary  turns 

per  phi  se 

11.  ^olu'ne  of  iron  in  oir.  in, 

12.  Weight  of  iron  in  lbs. 

13.  Weight  of  iron  per  '  .■". 

14.  Weight  of  copper  in  pounds 
1!  .  Wej  jht  of  copper  ins  Hated 

16.  Weight  of  copper  per   .". 

17.  Total  weight  in  poun 
1  .  Pounds  per  V  .     . 


10 

10 

*0 

6( 

110 

110 

J  10 

52.5 

.   . 

. 

30C 

o7S       . 

r"hell 

Shell 

44  &  38 

40 

44. 

40. 

. 

248. 

L    .  . 

24. 

18.  . 

■    . 

. 

95. 

. 

. 

8  . 6 

343. 

.      . 

. 

*esie  lose  In  wat-.tn 

y    current  lows  in  watts 

•  I  ire  n  ]  o»  r  in  watte 

.    Xron  loss  currant  res, 

three   i  hue<;    ?s.t »l^   j><  r  wire 

■  c  trrcnt  pwr 

th-  re 

<M.    [  •  curr  *e, 

■ 

factor 
'.       .  ji   lenfltJi   of  one    i. urn    In  .r 
■  lary    eq  ilyi 

.     {en! stance  of  each  secondary 

in   i 

J   drc  i    .  se     t   full 

In  Tolta 

oss   .it   full   lo 

in  watte 

■t   f  11  load 

i  e 

noy  at   full    load 
33.   Rfflcienoy    it  3/4   load 

Load 

.    1/4   loan* 


i  nd 

ISO 

31i   . 

2J  .;: 

. 

. 

.  >6 

. 

1.4 

. 

..... 

. 

.438 

\. 

.,. 

.0. 

. 

4.7 

I'-'.. 

. 

».l 

. 

96.7?. 

96.2 

. 

. 

. 
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In   the  preceding  table    a  comparison    is  given 
between   the    calculated   and   actual  values   froi     which 
it   en  be   easily   seen  how  far  theory  follows  practice. 

It  will  be  noticed   that  there    iB   a  difference 
between   the   two  values   of   secondary   current  per  wire. 
This    If.    due    to    the    fnct    that   owing  to    the    regulation 
of   the    transformer  a  greater  value  of   current  was 
required  on   the   two  phase    side   in  order  thnt   the   full 
load  output  might   be   obtained. 

The   HCtual   value    of   flux  density   is  greater   than 
the   calculated   due   to   the   lesser  number   of   turns 
used.      Owing  to  difficulties  wuich   arose   in  the   con- 
struction  it  was  found  i  possible    to   enploy   44   turns, 
"^or   like  reason   the  volume   of   iron   in  the   core   is 
also    smaller   than   the    calculated. 

There    is   a.  l^rge    difference    in   the  two   values 
of  watts   lost    in  hysteresis.      This   is   due   partly 
to  the   fact   that    a  higher  value   of  flux  density 
was  used,    and  partly   to   the  fact   that   a  poorer   qual- 
ify  of    iron  was  e  ployed  than  was    assumed   in   the 
calculation.      Solving    the  Steinmatz   equation   for 
the   coefficient   for  the    iron  used  the  value    .0047 
is   obtained. 
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The  difference  in  the  two  values  of  eddy  current 
is  due  to  different  volume  and  induction  density  Toeing 
used.   Solvin   the  eddy  current  loss  equation  *cr    the 
resistivity  constant  the  value  1.7  is  obtained. 

The  variance  in  the  values  of  the  regaining  itens 
is  due  to  facte  already  discussed  and  to  .liffer-nt 
methods  used  in  construction  than  were  ass  imed  in 
the  design. 

The  chief  source  of  error  wl  ich  the  majority 
of  results  are  liable  to  was  the  fact  that  a  number 
of  instruments  wer  read  by  two  persons  and  there- 
fore it  was  extremely  difficult  to  obtain  simultan- 
eous readings. 

Considering  the  meager  facilities  at  hand  for 
the  construction  of  the  different  parts  of  the 
transformer,  the  res  Its  on  the  whole  are  very 
satisfactory. 


